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Abstract
Background
The extent and circumstances under which empiric tuberculosis (TB) treatment (treatment
without microbiological confirmation at treatment initiation) is administered in primary health
care settings in South Africa are not well described.
Methods
We used data from a pragmatic evaluation of Xpert MTB/RIF in which persons undergoing
TB investigations by PHC nurses were followed for six months. Following Xpert or smear-
microscopy at enrolment, investigations for tuberculosis were undertaken at the discretion
of health care workers. We identified persons whose TB treatment was initiated empirically
(no microbiological confirmation at time of treatment initiation at a primary health care facil-
ity) and describe pathways to treatment initiation.
Results
Of 4665 evaluable participants, 541 persons were initiated on treatment of whom 167 (31%)
had negative sputum tests at enrolment. Amongst these 167, the median number of partici-
pant visits to health care providers prior to treatment initiation was 3 (interquartile range
[IQR] 2–4). Chest radiography, sputum culture or hospital referral was done in 106/167
(63%). Reasons for TB treatment start were: 1) empiric (n = 82, 49%); 2) a positive labora-
tory test (n = 49, 29%); 3) referral and treatment start at a higher level of care (n = 28, 17%);
and 4) indeterminable (n = 8, 5%). Empiric treatment accounted for 15% (82/541) of all TB
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treatment initiations and 1.7% (82/4665) of all persons undergoing TB investigations. Chest
radiography findings compatible with TB (63/82 [77%]) were the basis for treatment initiation
amongst the majority of empirically treated participants. Microbiological confirmation of TB
was subsequently obtained for 11/82 (13%) empirically-treated participants. Median time to
empiric treatment start was 3.9 weeks (IQR 1.4–11 weeks) after enrolment.
Conclusion
Uncommon prescription of empiric TB treatment with reliance on chest radiography in a
nurse-managed programme underscores the need for highly sensitive TB diagnostics suit-
able for point-of-care, and strong health systems to support TB diagnosis in this setting.
Introduction
‘Empiric tuberculosis (TB) treatment’- defined as the administration of TB treatment to per-
sons being evaluated for TB who do not have laboratory evidence of TB—is advised by WHO
guidelines in resource-limited settings when ambulant HIV-positive persons with two negative
sputum smear microscopy tests and chest radiography findings compatible with TB do not
respond to broad-spectrum antimicrobial therapy[1]. While empiric TB treatment is not with-
out risks (unnecessary administration of TB drugs with potential for adverse effects or delay in
the diagnosis of conditions other than TB), it is appropriate in a context where the pre-test
probability of TB is high, diagnostics have inadequate sensitivity and/or the consequences of
withholding TB treatment are serious[2]. In South Africa, the National Department of Health
(NDoH) provides algorithms for TB diagnosis which advise additional investigations when
initial sputum smear microscopy or Xpert MTB/RIF (Xpert) tests for TB are negative and per-
sons under investigation are co-infected with HIV[3]. These algorithms indicate that clinicians
may commence TB treatment for HIV-positive persons when two sputum smear microscopy
tests or a single sputum Xpert are negative for Mycobacterium tuberculosis, chest radiograph
findings are compatible with TB, and symptoms do not respond to broad spectrum antibiotics.
Neither the extent, nor the circumstances under which empiric TB treatment is adminis-
tered in primary health care (PHC) settings in South Africa are well described. We have
previously demonstrated poor adherence to the algorithms for TB diagnosis in a cluster-ran-
domised, pragmatic trial (XTEND) that evaluated Xpert vs smear microscopy for the diagnosis
of TB[4]. Using data from XTEND, in which we followed over 4,000 persons undergoing TB
investigations by PHC nurses for six months, we identified persons receiving empiric TB treat-
ment and describe their pathways to treatment initiation, including results of investigations,
health seeking efforts and time to treatment start.
Study population and methods
The XTEND trial–study design and TB investigation procedures
The XTEND (Xpert for TB—Evaluating a New Diagnostic) study was a pragmatic, two-arm,
parallel, cluster-randomised trial evaluating the effect on mortality of Xpert implementation vs
smear microscopy for the diagnosis of TB amongst persons being evaluated for TB in PHC
facilities in South Africa[5]. Twenty laboratories servicing 40 PHCs across four provinces were
randomised to receive Xpert as described[5]. XTEND study staff enrolled a systematic sample
of clinic attendees being evaluated for TB. Personal identifiers, demographic and clinical data
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relevant to TB and mortality risk were collected at enrolment. XTEND study staff had no influ-
ence on clinical investigations nor management decisions made by PHC staff. At six months
post enrolment, XTEND study staff abstracted data from patients’ clinic records, obtained par-
ticipants’ sputum results and conducted patient interviews. XTEND study methods are
described more completely elsewhere[5]. At participating clinics, nurses identified persons
who required investigation for TB according to local screening practice. When initial sputum
test results (Xpert or smear microscopy) were negative for TB, further investigations (sputum
mycobacterial culture, chest radiography and therapeutic trial of antibiotics) or referral to hos-
pital were made at the discretion of the PHC nurse according to routine local practice[3, 6]. In
clinics using Xpert, the NDoH had recently trained nurses in the use of the Xpert algorithm
for TB diagnosis[3], while in clinics using smear microscopy, no additional training was given
as part of XTEND trial procedures.
Inclusion criteria for the secondary data analysis and case definitions
Participants in the XTEND study with negative initial sputum results (smear microscopy or
Xpert) at enrolment who were started on TB treatment during any stage of the 6-month fol-
low-up were included in the analysis. Participants were defined as ‘index test negative’ if spu-
tum tests conducted within four days of enrolment (two smear microscopy tests or one Xpert)
were negative for TB. Participants who had a TB treatment prescription in their clinic notes or
reported having started TB treatment at six-month patient interview were regarded has having
started TB treatment. Positive HIV status was ascertained through self-report, or any of a doc-
umented HIV positive test, any CD4 count, HIV viral load test or ART prescription in the
clinic record.
For these eligible XTEND participants, the course of events leading to TB treatment initia-
tion was reconstructed from data sources described above; this substudy entailed additional
record review at a later timepoint compared to that undertaken in the main XTEND analysis.
Through evaluation of participants’ pathways, the reasons for TB treatment initiation of partic-
ipants were inferred according to Table 1. Participants whose reason for TB treatment initia-
tion was ‘clinical assessment’ or ‘chest radiography findings compatible with TB’ were defined
as receiving empiric TB treatment.
Institutional and ethical review
The XTEND protocol and this secondary data analysis received formal approval following
review by the Human Sciences Research Ethics Committee (HREC) of the University of the
Witwatersrand in 2011 (M110827), the London School of Hygiene & Tropical Medicine, the
University of Cape Town and WHO. All XTEND participants provided written (name or
thumbprint) informed consent for participation. In this secondary analysis which was
approved by the University of the Witwatersrand in 2013 (M140486), all data were fully anon-
ymized prior to analysis.
Results
Amongst 4,656 XTEND participants, 541 (12%)[5] initiated TB treatment by six months of fol-
low up of whom 167 (31%) were index test negative at enrolment, and were started on TB
treatment during 6 months of follow-up. The median age was 37 years (31–45 years) and 79/
167 (49%) were female. HIV status was positive at or before enrolment amongst 120/167
(72%). Regarding TB symptoms cough, fever, sweats or weight loss, the majority (109, 65%)
had 2 or more weeks of symptoms prior to enrolment, and 3 or 4 symptoms (103, 62%) vs 1–2
or none. The median number of health seeking visits prior to enrolment was 1 (IQR = 0–2)
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with the majority having sought help from a public clinic (126, 75%). Table 2 describes the
characteristics of: 1) all XTEND participants with negative sputum tests for tuberculosis at
Table 1. Criteria used to infer the reason for TB treatment start amongst persons enrolled in the XTEND trial
who had a negative sputum test for TB at enrolment by Xpert or smear microscopy, but who were started on TB
treatment during the six month period after enrolment.
Criteria used to infer the reason for TB
treatment start
Inferred reason for TB
treatment start
Was TB treatment given
empirically?
A sputum specimen collected at PHC after
enrolment was positive for TB by at least one
of smear microscopy, Xpert or culture
AND
Sputum results were available to PHC
clinicians at the time of TB treatment start (as
defined by collection date of the sputum
preceded the TB treatment start date by a
minimum of 2 days (smear microscopy or
Xpert) or 14 days [culture])
WITH OR WITHOUT
Chest radiography and/or referral to higher
level of care
Positive laboratory sputum
test for TB
No
Extra-pulmonary TB diagnosed at a higher
level of care (including pleural TB, TB of
lymph nodes or miliary/disseminated TB)
AND
No documented positive laboratory test
(smear microscopy, Xpert or culture) at the
time of TB treatment start
WITH OR WITHOUT
Chest radiography
Extra-pulmonary TB No for the purposes of this analysis,
but uncertain as clinical notes not
available for review
No documented positive laboratory test
(smear microscopy, Xpert or culture) at the
time of TB treatment start
AND
No evidence of chest radiography
AND
No referral to a higher level of care
Clinical assessment Yes
Chest radiography documented within 7 days
prior to TB treatment start
AND
No positive smear microscopy, Xpert or
sputum culture results for M. tuberculosis
were available before TB treatment initiation
(within 2 days of the sputum collection date
(smear microscopy or Xpert) or within 14
days (culture)
Chest radiography findings
compatible with TB
Yes
Consultation at a hospital out-patient clinic or
hospital admission at or immediately prior to
TB treatment start
AND
No positive smear microscopy, Xpert or
sputum culture results for M. tuberculosis
were available before TB treatment initiation
(within 2 days of the sputum collection date
(smear microscopy or Xpert) or within 14
days (culture)
AND
No documentation that a chest radiograph
had been taken or requested at PHC
Assessment at a higher level
of care leading to TB
treatment initiation
No for the purposes of this analysis,
but uncertain as clinical notes not
available for review
Insufficient data and/or patient pathway
could not be reliably reconstructed
No reason assigned Uncertain
https://doi.org/10.1371/journal.pone.0191608.t001
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enrolment; 2) the subgroup who were started on TB treatment on an empiric basis; and 3) the
subgroup with subsequent microbiological confirmation of tuberculosis. As some participants
who were started on empiric TB treatment were subsequently found to have microbiologically
Table 2. Characteristics of XTEND participants with negative sputum tests for tuberculosis by smear microscopy or Xpert at enrolment into XTEND who were sub-
sequently started on TB treatment during the 6-month follow-up (n = 167). Sub-groups 1 (empirically treated participants) and sub-group 2 (participants with microbi-
ologically-confirmed TB) are not mutually exclusive as some participants who were started on empiric TB treatment were subsequently found to have microbiologically
confirmed TB.
All participants with negative sputum index results at enrolment who were
subsequently started on TB treatment
Entire cohort
N = 167
Sub-group 1:
Empiric group
N = 82
Sub-group 2:
Microbiologically
confirmed TB#
N = 60
Characteristics at enrolment
Female gender, n (%) 79 (47) 39 (48) 25 (41)
Age in years, median (IQR) 37 (31–45) 36 (30–45) 37 (31–43)
Residing in a rural area, n (%) 72 (43) 32 (39) 27 (45)
HIV status at enrolment
HIV positive before or at enrolment/HIV status known, n/N, (%) 120/137 (88) 59/78 (76) 46/50 (92)
on ART, among those HIV positive, n/N (%) 30/120 (25) 10/59 (17) 14/46 (30)
Previous TB, n (%) 41 (25) 22/82 (27) 16 (26)
Karnofsky score <80, n (%) 41 (25) 46/82 (47) 16 (27)
Body mass index <18.5, kg/m2, n (%) 23 (14) 9 (11) 11 (18)
XTEND study arm
Smear microscopy 113 (68) 61 (74) 43 (72)
Xpert 54 (32) 21 (26) 17 (28)
Health seeking behaviour and symptoms prior to and at enrolment
Participants with duration of symptoms> 2 weeks prior to enrolment, n (%) 109 (65) 47 (57) 14 (23)
Enrolment visit was first health seeking visit for TB symptoms, n (%) 111 (66) 43 (52) 30 (50)
Visits to health care provider prior to enrolment, median (IQR) 1 (0–2) 1.5 (1–3) 1 (0–2)
Provider from whom participant first sought help for presenting symptoms
Public clinic, n, % 126 (75) 66 (80) 46 (77)
Pharmacy, n (%) 20 (12) 8 (10) 9 (15)
Private doctor/other, n(%) 15 (9) 5 (7) 5 (8)
Public Hospital, n (%) 5 (3) 3 (5) 0
Traditional healer, n (%) 1 (1) 0 0
Reason for visit to PHC at which enrolment took place
TB symptoms, n (%) 140 (84) 71 (87) 51 (85)
HIV testing or routine visit, n (%) 15 (9) 8 (8) 5(8)
Chronic disease routine visit/other, n (%) 12 (7) 3 (4) 4 (7)
Number of symptoms at enrolment
None, n (%) 3 (2) 1 (1) 2 (3)
1–2, n (%) 61 (37) 29 (35) 22 (37)
3–4, n (%) 103 (62) 52 (64) 36 (60)
 A subset of the group n = 167 who met the definition for empiric TB treatment initiation as defined in Table 1. Eleven had a subsequent positive microbiology test on
sputum.
# A subset of the group n = 167 who had a positive Xpert or smear microscopy or culture result before or after TB treatment start. Eleven were started on TB treatment
empirically. IQR = interquartile range, PHC = primary health clinic
https://doi.org/10.1371/journal.pone.0191608.t002
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confirmed TB, subgroups 2) and 3) are not mutually exclusive. Fig 1. depicts reasons for TB
treatment start which were: 1) a positive sputum test for TB taken after enrolment (n = 49,
29%); 2) presumed chest radiography findings compatible with TB (n = 63, 38%); 3) clinical
assessment suggestive of TB (n = 19, 11%); 4) following assessment at or admission to a higher
level of care (n = 19, 11%), and 5) a diagnosis of extra-pulmonary TB (EPTB) made at a higher
level of care (n = 9, 5%) or 6) reasons unclear (n = 8, 5%). A total of 82/167 (49%) were initi-
ated on TB treatment empirically (I.e. did not have bacteriological confirmation when TB
treatment was started), representing 15% (82/541) of treatment initiations in the entire
XTEND cohort. Amongst 167 participants started on TB treatment, 60 (36%) had a subsequent
positive sputum test for TB at PHC level (smear microscopy, Xpert or culture, before or after
starting TB treatment (Fig 1). The remaining 107/541 (20%) XTEND participants were treated
for TB without any microbiological confirmation of TB at PHC level (though the participants
started at a higher level of care may have had laboratory tests confirming TB). Amongst 167
participants with negative TB tests at enrolment who were subsequently started on TB treat-
ment, 113 (68%) were in the smear microscopy arm of the XTEND trial.
Pathways to TB treatment, visits to health care providers and vital status at
6 months of follow-up
From enrolment to TB treatment start, the 167 participants completed 529 visits to health care
providers to address TB symptoms including the enrolment visit, repeat visits to the same or
different providers and the visit culminating in TB treatment start—a median of 3 visits per
Fig 1. A study profile illustrating the reason for TB treatment start and results of subsequent sputum TB tests amongst persons
investigated for TB whose index (enrolment) sputum was negative for TB when tested by Xpert or smear microscopy.
https://doi.org/10.1371/journal.pone.0191608.g001
Empiric TB treatment in South Africa: Implications for tuberculosis diagnostics
PLOS ONE | https://doi.org/10.1371/journal.pone.0191608 January 24, 2018 6 / 14
participant (interquartile range [IQR] 2–4). Table 3 summarises TB investigations, treatment
initiation and vital status at 6 months follow up for all XTEND participants with negative spu-
tum tests for tuberculosis and amongst the subgroups–those who were started on TB treatment
on an empiric basis, and those who had subsequent microbiological confirmation of TB. Evi-
dence for adherence to algorithms for TB investigation (any of documented chest radiography,
sputum culture or referral to hospital) was found in 106 (63%). Documented or undocu-
mented (self-reported) chest radiography was reported in 87/167 (52%). Sputum was submit-
ted for culture amongst 64/167 (38%) participants of which 37/64 (58%) were positive for M.
tuberculosis. TB treatment was started a median of 3.9 weeks (IQR 1.4–11 weeks) after enrol-
ment amongst persons started empirically, and 8.6 weeks after enrolment amongst persons
with microbiologically confirmed TB. Amongst 37 persons with culture-confirmed TB, 15
(41%) were initiated on TB treatment >8 weeks after sputum submission (median 15.6, range
8.4 to 31.7 weeks). Fig 2 summarises the pathways to TB treatment during 6 months of follow-
up grouped by place of TB treatment start and omitting multiple visits to the same provider.
Amongst those who were started on TB treatment at their enrolment clinic and did not make
use of other providers (n = 71), more than a third (26, 37%) made at least two subsequent visits
to their enrolment clinic prior to TB treatment initiation. Amongst 60 participants who were
initiated on TB treatment following assessment at a higher level of care, only 21 (33%) had a
documented referral in the PHC notes. Over the 6 months of follow up, 12/167 (7%) partici-
pants died, of whom 11 were in the smear microscopy arm. Death occurred a median of 9
weeks (range 3–34 weeks) after enrolment and a median 3 weeks (range 0.8–10 weeks) after
TB treatment initiation.
HIV care among participants with negative TB tests at enrolment who were
subsequently started on TB treatment
Amongst 167 participants, 120 were documented to be HIV positive and 30 on ART at or
before enrolment and an additional 9 tested HIV positive during the 6 months of follow up.
Amongst all HIV positive participants, 79 (61%) initiated ART during follow-up, with 109 on
ART by 6 months post enrolment. Amongst 129 HIV-positive persons initiated on TB treat-
ment, microbiologically-confirmed TB was diagnosed in 49 (43%), of whom 18 (37%) had
started TB treatment before ART initiation. Eight (15%) HIV-positive participants with
microbiologically-confirmed-TB started treatment within 3 months after ART initiation and
18 (35%) started TB treatment three or more months after ART initiation.
Discussion
In a prospective observational cohort of over 4,000 persons, of whom over 60% were HIV posi-
tive, investigated for TB at the discretion of clinic staff in South African PHC facilities[5], and
amongst whom 541 (12%) initiated TB treatment, we report infrequent use of empiric TB
treatment (15%, 82/541). Chest radiography was the leading investigation prompting empiric
TB treatment initiation. This, and our observation of repeated health-seeking attempts at dif-
ferent providers and delayed TB treatment start when TB diagnosis amongst persons initially
Xpert- or smear-negative was made by sputum culture highlight 1) the importance of chest
radiography as a follow-on diagnostic test for tuberculosis even in the Xpert era, and 2) the
need to strengthen PHC TB diagnostic processes including improved diagnostic tests, adher-
ence to diagnostic algorithms, and follow-up of patients who remain symptomatic, or at high
risk of death (those with unknown HIV status or HIV+ and not on ART)[5].
Our previous finding of poor adherence to TB diagnostic algorithms[4] and in this analysis,
low frequency of empiric TB treatment initiation in a predominantly nurse-managed, PHC TB
Empiric TB treatment in South Africa: Implications for tuberculosis diagnostics
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Table 3. TB investigations, treatment initiation and vital status at 6 months follow up of XTEND participants with negative sputum tests for tuberculosis by smear
microscopy or Xpert who were subsequently started on TB treatment during the 6-month follow-up (n = 167). Sub-groups 1 (empirically treated participants) and
sub-group 2 (participants with microbiologically-confirmed TB) are not mutually exclusive as some participants who were started on empiric TB treatment were subse-
quently found to have microbiologically confirmed TB.
All participants with negative sputum index results at
enrolment who were subsequently started on TB
treatment
Entire
cohort
N = 167
Sub-group 1
Empiric
group1
N = 82
Sub-group 2
Microbiologically confirmed
TB #
N = 60
Investigations for TB initiated by PHC staff after enrolment in XTEND
Sputum culture done, n (%) 64 (38) 23 (28) 42 (70)
Documented chest radiography, n (%) 58 (35) 51 (62) 9 (15)
Undocumented chest radiography, n (%) (patient reported at interview) 29 (17) 10 (11) 6 (10)
Any admission to hospital, n (%) 27 (22) 70 (85) 9 (15)
Algorithm followed (any of documented CXR, culture, or referral for hospital), n (%) 106 (63) 58 (71) 45 (75)
TB treatment initiation
Reason for TB treatment start (as defined in Table 1)
Clinical assessment compatible with TB, n (%) 19 (11) 19 (23) 1 (2)
Chest radiography compatible with TB (documented or undocumented), n (%) 63 (38) 63 (77) 10 (17)
Positive sputum test for TBz, n (%) 49 (29) 0 45 (75)
Extra-pulmonary TB diagnosed at higher level of care, n (%) 9 (5) 0 2 (3)
Assessment at a higher level of care leading to TB treatment initiation, n (%) 19 (11) 0 2 (3)
Uncleary, n (%) 8 (5) 0 0
TB treatment started ‘empirically’ (i.e. without laboratory confirmation at the time of TB treatment
start), n (%)
82 (49) 82 (100) 11 (19)
Time from enrolment to TB treatment start in weeks, median (IQR) 5.7(2.1–
12.1)
3.9 (1.4–11) 8.57 (3.9–15.3)
Place of TB treatment start
Original clinic, n (%) 97 (58) 55 (67) 38 (63)
Another PHC clinic, n (%) 8 (5) 2 (2) 5 (8)
Private GP, n (%) 2 (1) 2 (2) 0
Hospital (OPD or ward), n (%) 60 (36) 23 (29) 17 (28)
Laboratory results, ART care and outcome
Microbiologically-confirmed TB
Any microbiological confirmation, n (%) 60 (36) 11 (13) 60 (100)
Positive smear microscopy, n (%) 12 (7) 5 (6) 12 (20)
Positive Xpert, n (%) 11 (6) 3 (4) 11 (18)
Positive culture, n (%) 37 (22) 3 (4) 37 (62)
HIV testing and ART initiation
Final HIV and ART status (after 6 months of follow up)
HIV positive, n (%) 129 (77) 65 (79) 49 (82)
HIV positive and on ART, n (%) 109 (65) 56 (68) 43 (72)
HIV negative (documented negative result), n (%) 30 (18) 15 (18) 10 (17)
Unknown, n (%) 8 (5) 2 (2) 1 (2)
Timing of TB treatment in relation to ART amongst HIV positive participants who were on ART at
enrolment or initiated ART during follow-up
TB Rx start before ART, n/N (%) 46/109 (42) 29/56 (52) 18/43 (42)
TB start within 3 months after ART, n/N (%) 19/109 (17) 8/56 (14) 8/43 (19)
TB start >3months after ART, n/N (%) 44/109 (40) 20/56 (36) 17/43 (39)
(Continued)
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treatment programme demonstrate an on-going reliance on sputum TB diagnostic tests.
While empiric TB treatment, delivered as per WHO guidelines for the management of smear-
negative TB[1], is a rational and evidence-based intervention that reduces mortality amongst
HIV-positive persons with negative initial sputum tests for tuberculosis[7–9], in a predomi-
nantly nurse-managed TB control programme we and others[10–12] have found that it may
not be widely prescribed. Adherence to algorithms for TB diagnosis amongst persons with
negative initial sputum TB tests is not always optimal[11, 13] nor possible. Chest radiography
remains inaccessible for many, even in South Africa, and requires interpretation by doctors
and functioning health referral networks. Access to sputum culture is often limited. Multiple
visits to health facilities are required leading to increased patient costs[14, 15], and follow up of
Table 3. (Continued)
All participants with negative sputum index results at
enrolment who were subsequently started on TB
treatment
Entire
cohort
N = 167
Sub-group 1
Empiric
group1
N = 82
Sub-group 2
Microbiologically confirmed
TB #
N = 60
Death during follow-up, n (%) 12 (7) 5 (6) 3 (5)
A subset of the group n = 167 who were started on TB treatment who met the definition for empiric TB treatment initiation as defined in Table 1
1empiric = without a positive microbiology test at the time of TB treatment start;
#A subset of the group n = 167 who had negative sputum result(s) at enrolment but after further investigation had a positive Xpert or smear microscopy or culture
result. Some cases in this group (n = 11) are also amongst those that were started on TB treatment empirically as defined in Table 1;
PHC = primary health clinic, GP = general practitioner/private doctor, OPD = out patient department), CXR = chest X ray, IQR = interquartile range,
ART = antiretroviral therapy;
https://doi.org/10.1371/journal.pone.0191608.t003
Fig 2. Consultations en route to TB treatment initiation amongst 167 XTEND participants with negative smear microscopy tests for TB at enrolment,
reconstructed from data obtained from patient interviews, case note abstractions and laboratory results and stratified by TB treatment start. Sequential visits to the
same provider are not shown. A: Pathways for entire cohort (n = 167). B: Pathways for persons started on TB treatment empirically (n = 82).
https://doi.org/10.1371/journal.pone.0191608.g002
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patients may be limited. Initiation of TB treatment on the basis of clinical assessment alone,
while appropriate in certain contexts[16], is infrequently prescribed. These observations,
together with autopsy data showing that the most frequent cause of death amongst HIV-posi-
tive persons is undiagnosed tuberculosis[17–19], suggest that empiric TB treatment could
appropriately be more frequently prescribed amongst HIV-positive persons.
In our evaluation, the reliance on chest radiography as the reason for TB treatment initia-
tion amongst persons being evaluated for TB with negative Xpert sputum tests is in keeping
with findings from studies evaluating routine TB screening[20, 21] and diagnostic algorithms
using Xpert[22–25]. In the TB-NEAT evaluation of Xpert, where all participants received
smear microscopy or Xpert, and chest radiography and sputum culture, TB treatment was ini-
tiated empirically on the basis of chest radiographic findings in 313 (51%) of all 611 persons
initiated on TB treatment[26]. In a multi-centre, individually randomised trial of Xpert vs
smear-microscopy with pragmatic implementation of further diagnostic tests, liberal use of
chest radiography was a major factor driving empiric TB treatment initiation[13].
We observed that empiric TB treatment was frequently initiated following a visit to hospital
or during admission, but only a third of persons had a documented referral suggesting that the
majority of patients self-referred to a higher level of care. This suggests that patients may lack
faith in the ability of clinics to assist them, and that PHC facilities miss opportunities to con-
duct further investigations. Naidoo et al[27] reported poor perceptions of public sector services
amongst South African TB patients. Further, weak case management such as failure to adhere
to testing algorithms[27, 28] and sputum results not being available[27] may lead to missed
opportunities to conduct additional investigations and delay TB treatment start[15]. Our
observation of delayed treatment start amongst persons diagnosed by culture suggests failure
to promptly recall patients with positive results, a finding reported by others[27]. Ultimately,
health system performance including district and facility level support, continuity and quality
of care provide the context for TB case management and impact directly on TB programme
outcomes[29]. Churchyard[5], Creswell[30] and others[31, 32] attribute the failure of Xpert to
improve patient outcomes, despite the improved sensitivity of Xpert to health system weak-
nesses in the TB and HIV continuum of care, with missed opportunities to diagnose and link
persons into TB treatment.
Our findings underscore the need for highly sensitive TB diagnostic tests. Currently avail-
able diagnostic assays include the Xpert MTB/RIF Ultra cartridge, the loop-mediated amplifi-
cation (LAMP) assay and urine lipoarabinomannan (LAM) tests. While Xpert MTB/RIF Ultra
has demonstrated improved sensitivity[33], and a potential impact on mortality in high TB/
HIV prevalent regions[34], the assay has a marginal reduction in specificity especially amongst
persons with a prior TB treatment history[35]. The WHO advises that the LAMP assay may be
used as a replacement for or follow-on test after smear-microscopy, but should not replace
Xpert MTB/RIF where this is available[36]. The currently-available urine LAM assay has lim-
ited clinical applicability, and is recommended for use amongst persons with HIV infection
and low CD4 counts (<100 cells/μl)[37].
The strength of our evaluation arises through the pragmatic XTEND study design with
implementation of TB diagnosis in a real-world setting in 40 PHCs across four South African
provinces, allowing follow up of persons investigated for TB for 6 months after submitting
sputum for TB investigation. Our findings may be limited by possible poor clinical record
keeping at clinics. We were not able to conduct patient record review at referral hospitals. In
addition, the XTEND study design did not allow for confirmation of TB diagnoses amongst all
participants, and so it was not possible to confirm TB diagnoses amongst persons who did not
have sputum submitted for TB culture, or who died during follow-up.
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Conclusions
In this secondary data analysis of a cohort of symptomatic persons investigated for TB at pri-
mary health care level and followed up for 6 months, we observed uncommon use of empiric
TB treatment, reliance on chest radiography and self-referral to hospital to initiate TB treat-
ment when initial sputum tests were negative. In the context of high rates of death due to
autopsy-confirmed previously undiagnosed TB in the South African context, our findings
underscore the importance of highly sensitive TB diagnostics and strong health systems to sup-
port TB diagnosis in this setting.
Supporting information
S1 Appendix. Pathways from enrolment to end of follow up of 167 persons who were index
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